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SINGLE INSTRUCTION FOR MULTIPLE LOOPS 

FIELD OF THE INVENTION 

0001. The present invention relates to the field of digital 
processors and more particularly to the manner in which 
processors execute multiple loop instructions. 

RELATED ART 

0002 Software programs written for execution on digital 
processors typically accomplish repetitive tasks by includ 
ing a Sequence of instructions within a loop. Because of their 
repetitive nature, it is highly desirable to optimize the 
execution of Software loops. This is particularly true when 
multiple loops are utilized, Such as when one loop is nested 
within another loop. Unfortunately, conventional processors 
typically lack adequate resources to optimize the execution 
of multiple and nested loop routines. Instead, nested loops 
are resolved by placing a loop instruction for the inner loop 
within a Sequence of instructions comprising the outer loop. 
The placement of a loop-type instruction in a repetitive 
Section of code is highly undesirable because the loop-type 
instructions are relatively complex instructions typically 
requiring multiple cycles to execute. Therefore, it is highly 
desirable to implement a processor capable of efficiently 
executing nested and other multiple loop routines. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0003. The present invention is illustrated by way of 
example and not limitation in the accompanying figures, in 
Which like references indicate Similar elements, and in 
which: 

0004 FIG. 1 is a diagram of a nested do loop instruction 
according to one embodiment of the invention; 
0005 FIG. 2 is an illustrated comparison between a 
nested do loop according to the prior art and a nested do loop 
according to an embodiment of the present invention; 
0006 FIG. 3 is a simplified block diagram of a processor 
Suitable for executing a nested do loop instruction according 
to an embodiment of the invention; 
0007 FIG. 4 illustrates additional detail of the condition 
code Select field in the looping control unit of the processor 
of FIG. 3; 
0008 FIG. 5 is a flow diagram illustrating execution of 
a nested do loop Statement according to an embodiment of 
the invention; 
0009 FIG. 6 is a flow diagram illustrating processing of 
the instructions within the loop initialized in FIG. 5; and 
0.010 FIG. 7 illustrates a single loop, multiple termina 
tion condition instruction according to an embodiment of the 
invention. 

0.011 Skilled artisans will appreciate that elements in the 
figures are illustrated for simplicity and clarity and have not 
necessarily been drawn to Scale. For example, the dimen 
Sions of Some of the elements in the figures may be exag 
gerated relative to other elements to help to improve under 
Standing of embodiments of the present invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

0012 Embodiments of the present invention are con 
cerned with the execution of hardware loops in a processor 
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Such as a digital signal processor (DSP), microcontroller, or 
embedded controller. Processors Such as these frequently 
utilize loops to repeatedly execute a common Set of instruc 
tions. Because of the frequency with which Such loops are 
encountered, it is highly desirable to fully optimize the 
manner in which the loops are executed. In many cases, 
loops are nested within one another to achieve a specific 
function. When loops are nested, inefficiencies in the inner 
loop are magnified because each instruction in the inner loop 
is executed repeatedly. Embodiments of the present inven 
tion contemplate optimization of multiple loop constructs 
Such as nested loops (and other types of loops) to achieve 
optimal performance during loop execution. In addition, one 
embodiment of the invention contemplates a Single-loop 
instruction Suitable for terminating on multiple termination 
conditions to provide greater flexibility to the programmer. 
0013 Turning now to FIG. 1, a nested do loop instruc 
tion 100 according to one embodiment of the invention is 
presented. Instruction 100 enables the execution of other 
instructions according to a multiple loop construct. The 
depicted embodiment of nested do loop instruction 100 
includes an operation code (opcode) field 102, a termination 
field 104, and an end-of-loop address field 106. Opcode field 
102, as its name implies, contains the opcode for instruction 
100. The termination field 104 includes a set of fields 103a, 
103b, . . . 103n each indicating one or more termination 
conditions (identified in FIG. 1 as termination conditions 
T1, T2, ..., Tn). End-of-loop address field 106 includes a 
Set of end-of-loop addresses EL1, ... ELn. In one embodi 
ment, each termination condition in termination field 104 
corresponds to an end-of-loop address in field 106. In one 
embodiment, termination condition T1 in termination field 
104 identifies the condition that will terminate the first (inner 
most) execution loop of the nested loop construct while 
termination condition T2 identifies the condition that will 
terminate the Second execution loop, and So forth. Instruc 
tion 100 may also be used to enable execution of a single 
loop having one or more termination conditions. 
0014. In one embodiment, each termination condition 
T1-Tn may comprise a condition code Such as, for example, 
not equal to (NE), greater than or equal to (GE), less than 
(LT), etc. Condition code termination conditions provide a 
mechanism to terminate a corresponding loop upon Satis 
faction of the Specified condition. In one embodiment, the 
last instruction of each loop is responsible for Setting one or 
more flags in a status register. The flags are then used to then 
determine whether the Specified termination condition has 
been Satisfied. Alternatively to condition code type termi 
nation conditions, embodiments of the invention permit the 
use of immediate values as termination conditions. If an 
immediate value is used as a termination condition, the 
condition is Satisfied when a loop corresponding to the 
immediate value has been executed the number of times 
Specified by the immediate value. Thus, for example, the 
first termination condition T1 may be a condition code Such 
as GE or LT while second termination condition T2 may be 
an immediate value. In this example, the first or inner most 
loop is executed until the condition code T1 is satisfied while 
the Second loop is executed the number of times Specified by 
the immediate value T2. 

0015. As depicted in FIG. 1, instruction 100 may com 
prise one or more termination conditions in termination field 
104 and one or more corresponding end-of-loop addresses in 
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end-of-loop address field 106. The end-of-loop addresses 
EL1 through ELn indicate the addresses at which the ter 
mination conditions in termination field 104 are checked to 
determine if the Specified condition has been Satisfied. In one 
embodiment each termination condition corresponds to an 
end-of-loop address. In this embodiment, for example, first 
termination condition T1 in termination field 104 is checked 
when the program counter is equal to EL1. While a one-to 
one correspondence between termination conditions and 
termination field 104 and end-of-loop addresses and end 
of-loop field 106 provides the maximum flexibility for 
programming multiple loop constructs, embodiments of the 
invention contemplate that instruction 100 may include 
fewer than “n” termination conditions in termination field 
104 or fewer than “n” end-of-loop addresses in end-of-loop 
field 106. In one embodiment, for example, a single termi 
nation condition T1 in termination field 104 may be utilized 
for each of the nested loops contemplated by the instruction. 
Alternatively, each of the nested loops may include a com 
mon end-of-loop address EL1 Such that end-of-loop address 
field 106 includes only a single value while each loop 
corresponds to its own termination condition in termination 
field 104. 

0016 Turning now to FIG. 2, the benefits achieved by 
implementing a Single instruction for implementing nested 
loops is illustrated by comparison between a conventional 
code Segment 202 and an exemplary code Segment 210 both 
used to clear a portion of a two dimensional array X. In 
conventional code segment 202, a first loop statement 204 
and a Second loop Statement 206 are required to define the 
nested loops used to clear the two dimensional array. It will 
be appreciated by those familiar with microprocessor execu 
tion that Second loop Statement 206 may represent a mul 
tiple-cycle operation. Because multiple-cycle operations 
limit System performance, it is highly desirable to minimize 
the number of times each multiple-cycle operation is 
executed, especially in code Segments that execute repeat 
edly. In the example depicted in FIG. 2, however, second 
loop statement 206 is executed for each iteration of the outer 
loop corresponding to first loop instruction 204. In the 
depicted example, which is Suitable for clearing an 8x4 
two-dimensional array, loop instruction 206 is executed 8 
times, once for each execution of the loop defined by first 
loop Statement 204. Roughly Speaking, the loop Statements 
of first and second loop instructions 204 and 206 executes in 
approximately five cycles while the remaining instructions 
execute in a Single cycle. Thus, it will be appreciated that the 
multiple loop instruction construct characteristic of conven 
tional nested loop implementations results in the repetitive 
execution of complex, multi-cycle processor instructions, 
thereby potentially limiting System performance. 
0.017. In contrast to code segment 202, code segment 210, 
according to an embodiment of the present invention, imple 
ments a nested loop instruction 212 (as an example of 
instruction 100 depicted in FIG. 1) which results in 
improved performance by eliminating the repetitive eXecu 
tion of complex, multi-cycle instructions. In the depicted 
example, the immediate values #4 and #8 correspond to the 
first and second termination conditions T1 and T2 of first 
and Second fields 103a and 103b of termination field 104 
indicted in FIG. 1 while Loop and LoopO correspond to 
EL1 and EL2 in end-of-loop field 106. By eliminating the 
overhead associated with the second do statement 206 of 
code Segment 202 from the nested loop in code Segment 210, 
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code Segment 210 performs the same function as the code 
Segment 202 while offering a potentially significant 
improvement in execution time. In the depicted embodi 
ment, the inner loop 214 defined by nested do loop instruc 
tion 212 includes only relatively simple, Single-cycle 
instruction. Thus, by enabling a multiple loop construction 
with a single loop Statement, the embodiment illustrated in 
FIG. 2 Succeeds in removing multiple cycle instructions 
from repetitively executed routines. While nested do state 
ment 212 in the depicted embodiment utilizes a termination 
field 104 and end-of-loop field 106 both with a depth of two, 
it will be appreciated that these depths may be increased to 
achieve third and additional corresponding loops. In addi 
tion, while the depicted embodiment of instruction 212 
utilizes a pair of immediate fields for the termination con 
ditions, one or both of the termination conditions may utilize 
a condition code Such as NE, LT, or GE. Note also that the 
inner loop may share a common Starting or ending address 
with the outer loop, while in alternate embodiments, the 
inner loop might have different starting and ending 
addresses than the outer loop. 
0018 Turning now to FIG. 3, a simplified block diagram 
of selected components of a processor 300 suitable for 
executing instructions 100 and 212 as discussed previously 
with respect to FIGS. 1 and 2 is presented. Processor 300 
is Suitable for executing a single instruction, Such as instruc 
tion 100, that provides for the execution of other instructions 
in accordance with a multiple loop construct. Processor 300 
includes an instruction fetching mechanism 371 that 
retrieves a set of instructions for execution by an execution 
unit represented in FIG. 3 by state machine 350. Processor 
300 is configured to receive information via an address bus 
370 and a data bus 372. Data bus 372 conveys computer 
instructions to an instruction latch 374. Latched instructions 
are then provided to an instruction decoder 376 where the 
instructions are decoded and forwarded to state machine 350 
for execution. Address bus 370 is provided to an incrementer 
380 and a looping control 330. 
0019 Looping control unit 330 is utilized in conjunction 
with state machine 350 to control the flow of an executing 
code Segment. The depicted embodiment of looping control 
unit 330 includes a pair of loop address registers 332 and 
334, a pair of loop count registers 336 and 338, and a pair 
of condition code select registers 340 and 342. By providing 
facilities for a loop count and a condition code correspond 
ing to each loop address, looping control unit 330 Supports 
immediate type loop operations as well as conditional loop 
operations. When, for example, the instruction with the 
address value Stored in loop address 1 register 332 is 
encountered in the flow of the executing program Segment, 
a decision of whether to branch back to the beginning of the 
loop may depend on the value Stored in loop count register 
336 or the value stored in condition code 340 (as well as the 
then current value of the appropriate status register bit) or 
both. In the depicted embodiment, hardware stack 360 is 
utilized to provide a set of hardware stack registers HWS0 
362a and HWS1362b (collectively or generically referred to 
herein as hardware stack register(s)362) that contain branch 
address information for the corresponding loops. Condition 
code select registers 340 and 342 are stored with a particular 
value depending upon the type of condition code that will be 
evaluated when the appropriate end-of-loop address is 
encountered during program execution. Hardware Stack 0 
362a, hardware stack 1362b, loop address 1 register 332, 
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loop address 2 register 334, loop count 1 register 336, loop 
count 2 register 338, and status register 384 are all bidirec 
tionally coupled to core global data bus (CGDB) 390. 
CGDB 390 may be a data bus internal to a processor, such 
as processor 300. 

0020 Turning to FIG. 4, an exemplary table 400 illus 
trating Suitable condition code types for Storing in condition 
code select registers 340 and 342 is presented. In the 
depicted embodiment, table 400 includes a set of eight 
condition codes and a 3-bit encoding field for uniquely 
identifying each of the eight condition codes. AS will be 
familiar to those skilled in the field of microprocessor 
programming, the exemplary condition codes presented in 
table 400 include familiar condition codes such as equal 
(EQ), not equal (NE), great than or equal (GE), greater than 
(GT), less than or equal (LE), less than (LT), carry bit clear 
(CC), and carry bit set (CS) each with its own corresponding 
encoding. By Storing the appropriate encoding in condition 
code Select registerS 340 and 342, the appropriate condition 
code type is associated with the corresponding loop in the 
program code. If, for example, condition code Select register 
340 is programmed with a 011 value, the condition code 
evaluated when loop address 1 (as Stored in loop address 1 
register 332) is encountered is the not equal (NE) condition. 
ASSuming that the inner most loop is a conditional loop 
(rather than an immediate type loop), the NE bit in Status 
register 384 is evaluated when loop address 1 (as stored in 
loop address 1 register 332) is encountered. Depending on 
the value of the NE bit, the program will either branch to the 
beginning of the nested loop (as specified in the hardware 
Stack registers 362a) or exit the loop by incrementing the 
program count to the next address. Similarly for the remain 
ing encodings, by Storing the appropriate value in the 
condition code select registers 340 and 342, any of the 
condition codes Specifying indicated in condition code table 
400 may be utilized in conjunction with controlling the 
program execution flow. 

0021 Turning now to FIG. 5, a flow diagram is presented 
to illustrate one embodiment of the manner in which a 
multiple loop instruction 100 (described previously with 
respect to FIGS. 1 and 2) is executed. Initially, an instruc 
tion is fetched from memory and provided to an instruction 
decoder. If instruction decoder 376 of processor 300 as 
depicted in FIG. 3 detects that the instruction is a nested do 
loop instruction in step 502 processor 300 initializes a 
plurality of loops for Subsequent execution. More Specifi 
cally, a set of loop address registers (or other dedicated 
Storage elements) in looping control unit 330 are initialized 
according to the end-of-loop addresses Specified in the 
nested do loop instruction. 
0022. In the depicted example, loop address 1 register 
332 is programmed with the value EL1 representing the 
address corresponding to the end of the inner most loop 
while loop address 2 register 334 is programmed with EL2 
corresponding to the address of the next outer most loop 
(which, in this case, is the outer most loop). In this manner, 
each of a Set of dedicated loop Storage elements correspond 
ing to a set of execution loops is executed using a single 
instruction. While the depicted example of looping control 
unit 330 depicts facilities sufficient for specifying first and 
Second loops, it will be appreciated that additional facilities 
may be Suitably implemented to execute nested loops. 
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0023 Thus, state machine 350 contemplates the initial 
ization of multiple loop addresses and includes facilities for 
initializing more than one set of loop registers in response to 
detecting a single instruction Such as instruction 100. In 
addition to the Setting of the multiple loop address registers, 
a loop flag in Status register 384 is Set in the depicted 
embodiment of step 504 to provide an interruptible decision 
point during the execution or processing of the loops. After 
initialization of the loop address registers in step 504, the 
depicted embodiment of state machine 350 determines 
whether the inner most loop is conditional in step 506. 

0024 AS indicated previously, embodiments of the 
invention contemplate Supporting multiple loop type 
options. A non-conditional loop type may be conditioned 
upon an immediate value while a conditional loop type may 
be conditioned upon a condition code. The immediate value 
in a non-conditional loop type may be stored as a register 
value to provide additional flexibility in situations where an 
immediate value is desirable but the content of the imme 
diate value is not known at compile time. If State machine 
350 determines that the inner loop is not conditional in step 
506, loop count 1 register 336 is initialized with the T1 value 
taken from termination field 104 of the nested do loop 
operation 100 and a loop 1 type flag is Set to Zero to indicate 
that the inner most loop is based upon an immediate value 
rather than a condition code. If state machine 350 determines 
that inner most loop is conditional in step 506, the condition 
code select register 340 is programmed with the value stored 
in termination condition T1 of termination field 104 and the 
loop 1 type flag is Set to 1. 

0025) Steps 512, 514, and 516, perform a function analo 
gous to the functions performed by steps 506, 508, and 510 
for the Second (or, in this case, outer most) loop. Step 512 
determines whether the outer most loop is conditional while 
steps 514 and 516 set appropriate values of the loop count 
or condition code Select registerS depending upon whether 
the outer most loop is conditional. In addition, a loop 2 type 
flag is Set to indicate whether the Outer most loop is 
conditional or immediate. In the described manner, State 
machine 350 performs a first logical operation correspond 
ing to a first execution loop and a Second logical corre 
sponding to a Second execution loop. In Step 518, State 
machine 350 sets the value of hardware stack register Zero 
362a to the address of the top of the nested loop operation 
to provide a mechanism by which the program counter may 
be restored to the top of the nested loop. 

0026. In one embodiment, loop address 1 register 332 
and loop address 2 register 334 may be programmed with a 
common value to implement a condition in which the inner 
most and outer most loops utilize a common last instruction 
or end address. Similarly, the hardware stack register 360 
utilizes multiple hardware stack registers 362a, 362b, ... to 
indicate the beginning address of each corresponding loop. 
Thus, by programming hardware Stack registers 362 to 
unique or common values, the multiple loops can have 
corresponding unique or common Starting addresses. 

0027 Turning now to FIG. 6, a flow diagram illustrating 
operation of State machine 350 during processing of multiple 
loops in a Segment of code is presented. Initially, instruction 
fetch unit 371 of processor 300 retrieves an instruction at the 
address indicated by the current value of program counter 
382. In step 604, the address is compare to the value stored 
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in loop address 1 register 332. If the address is equal to the 
value of loop address 1 register 332 (and loop flag (LF) 386 
is equal to 1), then the end of the inner most loop has been 
encountered and a decision is made in step 606. If the 
address of the currently executing instruction is not equal to 
the value stored in the loop address 1 register 332, the flow 
diagram proceeds to Step 612 in which the address is 
compared to the value Stored in loop address 2 register 334. 
Returning to step 606 for the case in which the address is 
equal to loop address 1 register 332, the loop type of the 
inner most loop is determined by examining a loop 1 type 
variable, which was initialized when instruction 100 was 
encountered. In one embodiment of the present invention, 
the loop 1 type variable may be stored in status register 384 
to indicate whether the loop is a conditional or noncondi 
tional type of loop. If the loop 1 type variable indicates that 
the inner most loop is a conditional loop, a determination is 
made in Step 610 whether the corresponding condition code 
is true. If the loop 1 type is not a conditional type (i.e., the 
loop 1 type is an immediate type) a comparison is made in 
step 608 between the loop count 1 register 336 to determine 
whether the loop has been executed the specified number of 
times. If either the loop count or condition code has been 
Satisfied, the inner loop is exited by incrementing the pro 
gram counter in Step 616. If the Selected condition code is 
not true or, in the case of an immediate type loop, the loop 
counter has not reached the predetermined value, the inner 
most loop is repeated. In the case of an immediate type loop, 
the loop counter is decremented in Step 618. In either case, 
the inner most loop is repeated by Setting the program 
counter to the value Stored in hardware Stack register 362a 
in step 620. 
0028. If the address of the currently executing instruction 
is not equal to loop address 1 register 332, a comparison is 
made in step 612 between the address of the currently 
executing instruction and the value of loop address 2 register 
334 in step 612. If the address of the currently executing 
instruction is not equal to the value Stored in loop address 2 
register 334, then the next instruction is executed and the 
program counter is simply incremented in Step 616. If, on the 
other hand, the loop address of the currently executing 
instruction is equal to the value of loop address 2 register 
334, then the end of the second most inner loop (which, in 
this case, is the outer most loop) has been encountered. 
0029. In steps 614, 622, and 624 steps analogous to steps 
606, 608 and 610 are performed to control the program flow 
for the Second loop. More specifically, the loop type of the 
Second loop is determined by examination of a loop 2 type 
variable. AS above, in one embodiment of the present 
invention, the loop 2 type variable may be Stored in the 
status register 384. If the loop 2 type variable indicates that 
the Second loop is a conditional loop, the Second condition 
code (stored in Second condition code Select register 342) is 
examined in step 624. If the loop 2 type variable indicates 
that loop 2 is an immediate type loop, loop 2 count variable 
stored in loop count 2 register 338 is examined in step 622. 
If either the loop count comparison in Step 622 or the 
condition code comparison in Step 624 reveals that the 
appropriate condition has been reached, then the loop flag is 
cleared in step 628 and the loop is exited. If, on the other 
hand, the Selected condition code 2 is not true or the loop 
count 2 variable is not equal to 1, program control is returned 
to the top of the loop by Setting the program counter to the 
value in hardware stack register 362b in step 620. In the case 
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of an immediate type loop, the loop count 2 variable is 
decremented in Step 626 before returning program flow to 
the instruction indicated by the value stored in hardware 
stack register 362b. 
0030) Note also that in alternate embodiments, the 
NESTDO instruction (or like instruction), may be located in 
a variety of different locations. For example, it can be 
located at the beginning of a loop, end of a loop, or any other 
appropriate location. 
0031 Turning now to FIG. 7, a program code segment is 
illustrated for purposes for emphasizing an embodiment of 
the invention in which a single loop is utilized in conjunction 
with multiple termination conditions. In the depicted 
embodiment, the NESTDO statement 700 includes two 
termination conditions and an address label. When the 
program execution flow reaches the address label, both of 
the termination conditions are evaluated to determine 
whether the program flow should execute the loop again or 
exit the loop entirely. In the depicted example, the first 
termination condition 702 is a conditional code of “equal” 
while a second termination condition 704 is an immediate 
type code. In this example, when the program flow reaches 
the address indicated by the address label LBL, the condition 
code (which has been set by the last instruction in the loop) 
and the immediate value are both evaluated. If either the 
condition code or the immediate value indicate that the loop 
should be terminated, then the do loop is exited. In this 
manner, one embodiment of the present invention contem 
plates a Single do Statement with multiple termination con 
ditions. Alternate embodiments may involve a logical com 
bining of two or more termination conditions to determine 
whether the loop should be terminated. Alternate embodi 
ments may also define only one termination condition. 
0032. In the foregoing specification, the invention has 
been described with reference to specific embodiments. 
However, one of ordinary skill in the art appreciates that 
various modifications and changes can be made without 
departing from the Scope of the present invention as Set forth 
in the claims below. Accordingly, the Specification and 
figures are to be regarded in an illustrative rather than a 
restrictive Sense, and all Such modifications are intended to 
be included within the Scope of present invention. Benefits, 
other advantages, and Solutions to problems have been 
described with regard to specific embodiments. However, 
the benefits, advantages, Solutions to problems, and any 
element(s) that may cause any benefit, advantage, or Solu 
tion to occur or become more pronounced are not to be 
construed as a critical, required, or essential feature or 
element of any or all the claims. 

What is claimed is: 
1. A processor comprising: 

an execution unit to execute a set of instructions, and 

an instruction fetching mechanism that retrieves the Set of 
instructions to be executed by the execution unit, at 
least one of the Set of instructions comprising a Single 
instruction that provides for execution of other instruc 
tions of the Set of instructions in accordance with 
multiple looping constructs. 

2. The processor of claim 1, wherein the Single instruction 
initializes a plurality of loops for later execution. 
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3. The processor of claim 1, wherein the multiple looping 
constructs are implemented in a nested Structure. 

4. The processor of claim 1, wherein the Single instruction 
includes a plurality of loop termination conditions. 

5. The processor of claim 1, wherein the Single instruction 
includes at least one field that identifies a location of a last 
instruction of a loop. 

6. A method of performing an instruction for use by a 
processor, the method comprising: 

fetching the instruction from a memory Source; 
decoding the instruction to identify an instruction type; 

and 

initializing a plurality of dedicated loop Storage elements 
corresponding to a plurality of different loops to be 
executed using a single instruction. 

7. The method of claim 6, wherein the storage elements 
include at least one of the following: an end-of-loop indi 
cator, a start of loop indicator, a loop count, a loop register, 
and a condition code Selection. 

8. The method of claim 6, wherein the storage elements 
include a loop address for a Start of a loop. 

9. A method of performing an instruction for use by a 
processor, the method comprising: 

fetching the instruction from a memory Source; 
decoding the instruction to identify an instruction type; 

and 

determining a loop type for a single instruction that is to 
execute a plurality of different loops, the loop type 
comprising one of a conditional and non-conditional 
type of loop termination. 

10. A method of executing at least one instruction by a 
processor, the method comprising: 

fetching a first instruction from a memory Source; 
decoding the first instruction to identify an instruction 

type, and 
determining a loop type Selected from one of a conditional 

and nonconditional type of loop termination for a loop 
that contains more than one instruction other than the 
first instruction. 

11. A method of executing at least one instruction by a 
processor, the method comprising: 

fetching a first instruction from a memory Source; 
decoding the first instruction to identify an instruction 

type, and 
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determining a loop type Selected from one of a conditional 
and nonconditional type of loop termination for a loop 
that contains at least one instruction that may be 
interrupted during loop execution. 

12. A method of executing at least one instruction by a 
processor, the method comprising: 

fetching a first instruction from a memory Source; 
decoding the first instruction to identify an instruction 

type, 

performing a first Set of logic relating to a first loop 
termination condition for a first loop; and 

performing a Second Set of logic relating to a Second loop 
termination condition for a Second loop. 

13. The method of claim 12, further comprising the step 
of determining whether the first loop termination condition 
is conditional or fixed and determining whether the Second 
loop termination condition is conditional or fixed. 

14. A method of executing instructions by a processor, the 
method comprising: executing a first loop including a first 
instruction within a body of the first loop and a Second loop 
including a first instruction within a body of the Second loop, 
wherein the first instruction of the first loop and the first 
instruction of the Second loop are a Same instruction at the 
Same address. 

15. A method of executing instructions by a processor, the 
method comprising: executing a first loop including a last 
instruction within a body of the first loop and a Second loop 
including a last instruction within a body of the second loop, 
wherein the last instruction of the first loop and the last 
instruction of the Second loop are the Same instruction at the 
Same address. 

16. A processor instruction comprising: 
a first field that indicates a first termination condition for 

a first execution loop; and 
a Second field that indicates a Second termination condi 

tion for a Second execution loop. 
17. The processor instruction of claim 16, wherein the first 

execution loop is a Same loop as the Second execution loop. 
18. The processor instruction of claim 16, further com 

prising a third field that indicates a first end-of-loop location. 
19. The processor instruction of claim 18, further com 

prising a fourth field that indicates a Second end-of-loop 
location. 


